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ABSTRACT 
We conducted a retrospective study in which the optometric findings of 
40 extracapsular cataract patients were reviewed in order to compare 
two cataract extraction techniques: planned Extracapsular (ECCE) and 
phakoemulsification (PKE). Insertion of posterior chamber intraocular 
lenses (IOL's) was included in both procedures. Specifically, we looked 
at the postoperative astigmatism observed in each group. Patients in 
the PKE group experienced lower amounts of postoperative astigmatism 
which remained more stable in amount and orientation. This magnitude 
of astigmatic difference was significantly different by t-test analysis 
with a critical value of .001. The PKE group also exhibited better 
correctable visual acuity than the ECCE group. 
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INTRODUCTION 
i 
! This thesis compares the astigmatic results from the two types of 
I 1 Extracapsular Cataract Extraction (ECCE) surgery, standard ECCE and 
1 phacoemulsification (PKE). In both of these surgery types, increased 
astigmatism is quite frequently a complication. Donders was the first 
to show that this results from an alteration in the curvature of the 
cornea. (Donders, pg 334) Since intraocular lens (IOL) implantation has 
now become a widely accepted procedure and is being performed 
routinely by many surgeons in this country, its effects upon astigmatism 
need to be considered. The etiology of post-operative astigmatism 
following IOL implantation has been discussed by several authors. 
(Moore, Troutman, Binkhorst) It is believed that astigmatism may occur 
anywhere along the visual axis, including the cornea, lens implant, 
posterior capsule, vitreous, or retina. (Maltzman, pg 229) Moore reported 
on the postsurgical astigmatism in a series of 100 patients with IOL 
implants compared to 328 patients without implants. (Moore, pg 318) He 
discovered that postoperative astigmatism was far higher in the implant 
group and suggested the following factors to explain this phenomenon: 1) 
irregular corneal healing secondary to faulty surgical technique; 2) 
optical aberrations of the IOL; 3) tilting of the IOL; and 4) the weight of 
the lens pulling on or disorienting other intraocular structures. 
Binkhorst contended that the major cause of excessive astigmatism with 
lens implantation related to a purely optical factor: the effectivity of 
the lens. (Binkhorst, pg 672) Maltzman et al, in a study of 127 
consecutive posterior chamber lens implantations, showed that the 
post-operative refractive astigmatism is primarily due to induced 
corneal astigmatism. (Maltzman, pg 231) 
- 1 
i 
! Realizing that cataract surgery has the potential to create unwanted 
i 
1 astigmatism, surgeons have worked diligently at finding procedures to 
minimize or eliminate this complication. Some studies have shown that 
1 the type of blade used to make the incision is important. Moisseiv et al 
I showed that although the conventional Beaver blade gave a mean value of 
I 2.85 + 1.78 D. of astigmatism six weeks post-operatively, when the 
incision was made with a diamond knife the resultant mean astigmatism 
was 1.27 + 0.90 D. (Moisseiev, pg 139) 
i 
! Kamlesh and Bihari demonstrated that sutures have an effect upon 
I postoperative astigmatism by showing an inverse relationship between 
the number of sutures and the amount of resulting astigmatism. With 
one suture alone, the mean astigmatism was 2.37 + 0.94 D, while with 
five interrupted sutures the resulting mean astigmatism was 1.01 + 0.40 
D. (Kamlesh and Bihari, pg 979) 
The type of suture used can alter the wound healing process. Wound 
healing and repair are most efficient and rapid if the wound edges are 
held adjacent to one another during the first four or five days following 
surgery. This is the primary function of sutures. (Jaffe, pg 31) The 
suture type, whether dissolvable or non-dissolvable, can affect this 
process and either encourage wound healing or slow it down. If the 
sutures dissolve too early, the efficiency of wound repair can be greatly 
decreased. Either suture type, but especially the non-dissolvable, can 
become an irritant and actively interfere with wound repair. Thus, the 
presence of dissolvable or non-dissolvable sutures has the potential to 
modify the rate of healing and the postoperative astigmatism. The rate 
of healing also varies with the location of the incision: cornea, limbus, 
or sclera. (Jaffe, pg 20) In most cataract incisions, however, the 
anterior, or superficial, part is located toward the sclera, while the 
posterior, or deep, section of the wound is toward the cornea. (Jaffe pg 
20) Therefore, elements of the sclera, limbus, and cornea may be 
I 
I 
collectively spanned by the incision, yielding the predictability of 
postoperative astigmatism somewhat uncertain. (Jaffe, pg 20) 
Researchers in the Soviet Union have found that when the surgical 
incision was made at a right angle to the steep corneal meridian, the 
mean postoperative astigmatism was normally reduced from a 
preoperative mean value of 2.03 + 0.29 D to 0.45 + 0.38 D. When the 
incision was made at a right angle to the flat corneal meridian, there 
was a trend towards an increasing post-operative value. The mean 
preoperative amount of 1.72 + 0.20 D increased to 2.10 + 0.42 D. 
(Fedorova, pg 32) 
The first step of a standard ECCE, referred to as an 
IrrigationIAspiration procedure by many ophthalmologists, is a small 
incision made into the superior limbus. Through this incision, usually 
around 3mm in length, an anterior capsulotomy is performed. Here, a 
series of communicating punctures, or tears, are made in the anterior 
capsule. This particular procedure is often termed the "can-opener" 
technique. Next, the incision is widened to an approximate size of 10 to 
16 mm to insure easy expression of the lens. Expression of the nucleus, 
which can be accomplished in a variety of methods, is then performed. 
Several sutures are then placed on the extreme ends of the incision, 
allowing a minimum opening for the IOL to be inserted, usually around 6.5 
to 7 mm. The aspiration/irrigation handpiece is then passed through the 
remaining hole to remove any cortex still present. Cleaning or polishing 
of the posterior capsule and possible peripheral iridectomy are then 
performed. The size of the incision opening is re-checked to make sure 
it is still appropriate for the IOL. At this point, the posterior chamber 
I 
I 
IOL is implanted. (Jaffe, pgs 68-77) Closure of the wound can be 
1 
I achieved in a variety of techniques, none of which have any bearing on 
I 
I this paper. 
The technique of phacoemulsification (PKE), introduced by Kelman in 
1967, has changed the scope of cataract surgery. PKE involves the 
introduction of an ultrasonic handpiece vibrating at a frequency of 
40,000 cycles/second, resulting in the fragmentation of the lens nucleus. 
(Jaffe, pg 248) During phacoemulsification, fragmentation, irrigation, 
and aspiration all occur simultaneously. (Jaffe, pg 250) Of primary 
importance to this study is the removal of the cataract through a 3mm 
incision, rather than the minimum 10mm incision in standard ECCE. Such 
a small incision reduces complications resulting from cataract surgery. 
Also, the recuperative period is greatly decreased. The fewer number of 
sutures required in PKE seem to result in less corneal toricity and 
therefore less refractive astigmatism. Indeed, since the development of 
phacoemulsification, it seems to have become the surgical method of 
choice. Thus, the use of standard ECCE or PKE has become one of 
Ophthalmology's hottest debates. Since Optometry is a major source of 
cataract surgery referrals and post surgical astigmatism influences a 
patient's well being, it is important that Optometry also should address 
1 the controversy. 
METHODS 
A retrospective study was performed by obtaining cataract surgery 
records through the American Eye Institute, Inc. Twenty patients having 
phakoemulsification with the insertion of a posterior chamber IOL by one 
surgeon were compared to 20 standard extracapsular cataract 
extractions with insertion of a posterior chamber IOL performed by two 
other surgeons. All patients were referred from two Oregon 
optometrists. Each surgeon was utilizing his method of choice for 
cataract surgery. Whether PKE or ECCE, they were using a procedure 
with which they felt comfortable. 
Descriptive statistics were used to compare the two methods in 
terms of the amount of postoperative refractive astigmatism observed in 
each. Inferential statistics, specifically the t-test, were used to 
compare the changes in the cylindrical refraction, irrespective of any 
changes in axis orientation. A t-test was also performed on the changes 
which resulted when axis orientation was considered. T - tes t  
information is listed in Appendix 1.  
RESULTS 
Table I is a list of the compiled data, with each patient having an 
assigned number which is maintained throughout this paper. The Change* 
column is the change between pre and postoperative astigmatism 
amounts irrespective of axis orientation. The Change** column 
represents the change in astigmatism and does account for any change in 
axis orientation, such as with-the-rule (WTR) changing to 
against-the-rule (ATR) or oblique astigmatism. In both columns, a (-) 
denotes an increase from preoperative astigmatism, whereas a (-I-) 
denotes a reduction from preoperative astigmatism. 
Table II shows the differences in the mean and standard deviation 
for the cylinder power pre-operatively and post-operatively for both 
procedures. When comparing pre vs post astigmatism, the PKE group 
tended to remain stable in magnitude, while the ECCE group showed a 
tendency towards increasing postoperative astigmatism. Moreover, the 
mean amount of postoperative astigmatism was lower for the PKE group 
(1.23 D + 0.69 D) than for the ECCE group (1.66 D + 1.02 D). Figure 1 is a 
graphical representation of Table II. 
The amount of change of astigmatism, ranked in order of the 
greatest increase in astigmatism to the greatest reduction in 
astigmatism, is shown in Table Ill. It is readily apparent that the ECCE 
patients experienced very little reduction in astigmatism and were more 
apt to show an increase in astigmatism. Figure 2 shows the number of 
patients who exhibited a particular change in astigmatism, and allows 
one to directly compare the ECCE and PKE groups. 
Table IV indicates the change in orientation of astigmatism between 
the preoperative to postoperative groups. In general, the PKE group 
remained stable in terms of orientation while patients in the ECCE group 
exhibited a trend towards greater WTR astigmatism. This becomes clear 
if one looks closer at patients having preoperative ATR astigmatism. 
Patient #21 is such a patient, with preoperative astigmatism of -1 .OO X 
85 which then changed to -0.75 X 180 postoperatively. In the PKE group, 
of the 14 patients having ATR astigmatism, 13 (92.3%) remained ATR. Of 
the 12 ECCE patients having ATR astigmatism, only 6 (50%) remained so 
with 4 (33%) changing to WTR. For example, Patient #4, who underwent 
phacoemulsification, was originally ATR and remained so. Patient #23, 
an ATR ECCE patient, changed from -0.50 X 90 preoperatively to -2.00 X 
180 postoperatively, a total change of 2.50 D. 
The worst ECCE finding, ignoring axis postion, was observed in 
Patient #31. The postoperative astigmatism was 3.25 D greater than the 
amount of astigmatism before surgery. Taking axis orientation change 
into account, ECCE Patient #27 exhibited the greatest increase in 
astigmatism with 4.00 D of change. 
Patient #8 experienced the greatest detrimental change, 1.50 D, 
j among the PKE group without axis position consideration. However, 
Patient #7 showed the most astigmatic change for the entire sample 
I 
I when axis orientation was considered: 4.25 D. Even so, Patient #7 was 
I the only PKE patient who exhibited a change for the worse which was 
greater than 1.5 D. Among the ECCE group, with axis position accounted 
I 
i 
for, 11 patients experienced a postoperative astigmatic change greater 
than 1.50 D. Indeed, when the axis orientation was considered, three 
ECCE patients exhibited a postoperative astigmatic finding that was 3 or 
more diopters greater than the preoperative value. 
Patient #21, an ECCE patient, experienced postoperative 
astigmatism that was reduced by 0.25 D from the preoperative value. Yet 
this same patient, if axis orientation were heeded, would exhibit an 
increased postoperatie value which was 1.75 D greater than the 
preoperative value. Nevertheless, 4 ECCE patients showed no change in 
cylinder magnitude, including one patient who remained spherical. 
Several PKE patients showed a reduction in postoperative 
astigmatism. Patient # I  1's postoperative value was 1.75 D less than the 
preoperative value with only a slight change in axis. Another patient, 
#14, showed less astigmatism postoperatively by one diopter, while 
another experienced a reduction of 0.50 D. Additionally, 4 other PKE 
patients exhibited a 0.25 D reduction in postoperative astigmatism. All 
PKE patients who showed a reduction in astigmatism also showed only a 
slight change in axis orientation. Thus, 7 PKE patients, compared to 1 
ECCE patient, exhibited less postoperative than preoperative 
astigmatism. 
The t-test was performed on the astigmatic change in each group 
from preoperative values to postoperative values, irrespective of axis. 
It was found to be significant to the ,001 level. A critical value of .006 
was attained when axis orientation was considered, a value also highly 
significant. Therefore, the amount of astigmatism attained with 
p hakoemulsification is significantly less than the cylinder amounts 
attained with standard ECCE surgery. 
Table V lists the visual acuity results for the two populations. The 
PKE group experienced significantly better vision with 100°/o of the 
patients seeing 20130 or better, compared to 85% for the ECCE group. It 
i 
should be noted, however, that both groups were virtually the same for 
! 
! 
acuities of 20/25 or better (PKE 70% vs ECCE 65%). Figure 3 is the 
graphical representation of the visual acuity results. 
1 
I 
i DISCUSSION 
Patients who underwent standard extracapsular cataract extraction 
rather than phacoemulsification clearly demonstrated greater amounts 
of post-operative astigmatism. There was also greater variability both 
in magnitude and orientation within the ECCE group. 
One may postulate that the changes seen between the two groups 
could be a result of incision size and suturing technique. Indeed, 
Lindstrom and Destro in their study showed that the smaller (6.5 mm) 
incision performed in phacoemulsification with posterior chamber 
implantation showed a distinct advantage over the larger (10.0 mm anti 
11.0 mm) standard ECCE incisions. (Lindstrom and Destro, pg 470) 
This study's results also agree closely with those of Heslin and 
Guerriero. (Heslin and Guerriero, pg 959) They found that patients in the 
PKE group experienced significantly better vision overall, and the 
patients in the PKE group required less time for refraction to stabilize 
and averaged less postoperative astigmatism. 
Based on the results of this and other studies, the authors support 
phacoemulsification as the method of choice for cataract extraction. Not 
only does the PKE method give better refractive and visual results, but 
complications from wound healing are reduced due to the smaller wound. 
Regardless of the cause or the attempts to reduce post-operative 
I 
1 
astigmatism, the fact remains that it is the patient who must bear the 
brunt of this refractive complication. One obvious question arises: how 
1 
much astigmatism is acceptable after cataract surgery? Troutman feels 
that astigmatism which permits unaided vision of 20140 or better in the 
postoperative eye with a 20120 potential is acceptable. This of course 
does not address the surgeon who purposefully aims for a myopic 
postoperative refraction in order to eliminate the need for reading 
glasses at near. Troutrnan (Troutman, pg 248) states that up to 2.50 D. of 
myopic or mixed astigmatism would account for an acuity of 20140, but 
other authorities feel that much less astigmatism would be needed to 
achieve this level of acuity. The authors feel that if the patient has 
20120 vision potential, successful surgery should ideally allow unaided 
acuity of 20120. 
Our study is not conclusive. There are many factors to consider 
including the type and number of sutures used, surgical technique, and 
the patients' general, as well as ocular health prior to surgery. Many 
more studies are necessary to determine possible relationships and 
correlations between these factors, requiring a much more closely 
monitored experimental design. 
This study does present questions and options which should be 
addressed. Optometrists should be cognizant that PKE is a more delicate 
method and therefore requires greater expertise. The authors advocate 
that Optometrists have knowledge of the surgeon's experience, skill, 
surgical method of choice, and accuracy in producing the desired 
refractive condition before referring. This can be ascertained by 
personally observing the ophthalmologist while performing surgery. 
After all, the patient deserves no less than the best care the profession 
can give him or her. While Optometrists do not perform surgery, they can 
and should seek out only the best surgeons who will give their patients 
the best possible visual results. 
TABLE l 
r s 
I 
1 
i Patient Data 
Table ll 
Population (N) 
PRE-CYLINDER 
Mean 
Median 
S.D. 
Range 
POST-CYLINDER 
Mean 
Median 
S.D. 
Range 
ECCE 
20 
-0.53 D 
-0.50 D 
0.38 D 
0.00 D to -1.25 D 
-1 -66 D 
-1.50 D 
1.02 D 
0.00 D to -3.50 D 
PKE 
20 
-1.14 D 
-1.25 D 
0.66 D 
0.00 D to -2.25 D 
-1.23 D 
-1.00 D 
0.69 D 
-0.25D to -2.50 D 
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